Renal transplant recipients are at increased risk of venous thrombosis, which has been regarded as a postoperative complication, although it may persist afterwards. As numerous case reports showed that active cytomegalovirus (CMV) infection can be found at time of onset of venous thrombosis and is frequently found in renal transplant recipients, we hypothesized that one might be the result of the other. To calculate the risk of (recurrent) venous thrombosis in renal transplant recipients, and to see whether CMV infection influenced this risk, we retrospectively analyzed 606 living consecutive renal transplant recipients. CMV status at time of transplantation and at time of enrollment was determined. Absolute risks of first venous thrombosis and recurrence were compared with CMV status, and were corrected for surgery related venous thrombosis, age, and anticoagulant treatment. Annual incidence of venous thrombosis was 0.88% (95% CI, 0.65-1.15) in all recipients and 0.59% (95% CI, 0.41-0.83) corrected for surgery related venous thrombosis. CMV positive and seroconverted recipients tended to have an increased risk of venous thrombosis compared to CMV negative recipients; corrected relative risks were 2.0 (95% CI, 0.9-5.2) and 1.7 (95% CI, 0.6-4.7), respectively. The cumulative 10-years recurrence rate of venous thrombosis in CMV seronegative, seroconverted, and seropositive recipients was 10%, 51% and 59%, respectively. We conclude that CMV infection tended to be associated with an increased risk of (recurrent) venous thrombosis. Prospective studies are warranted to establish this observation, which suggests that CMV infection influences the high risk of (recurrent) venous thrombosis in renal transplant recipients.
INTRODUCTION
Renal transplant recipients are at increased risk to develop venous thrombosis, with its highest incidence within the first three months after transplantation [1] . Whether they remain at increased risk after three months is largely unknown. Recently, however, two reports showed a recurrence rate of up to 60% within six years after stopping initial anticoagulant treatment [2, 3] . The high risk of venous thrombosis in renal transplant recipients has been attributed to surgery, long term immunosuppressive drugs and antiphospholipid antibodies [4, 5] . Active cytomegalovirus (CMV) infection might be interesting as another contributing factor, because it is a very common complication in renal transplant recipients, and CMV has a lifelong latency after initial infection [6] . Due to immunosuppressive drugs CMV can easily reactivate [7] . CMV infects endothelial cells, causing vascular cell damage [8, 9] , induces lupus anticoagulant [10] , and enhances factor VIII synthesis or secretion [11, 12] . Furthermore, vascular damage has been associated with high levels of soluble vascular cell adhesion molecule-1 (sVCAM-1) [13, 14] . Since elevated levels of factor VIII, and sVCAM-1, and lupus anticoagulant are all associated with an increased risk of venous thrombosis [14] [15] [16] , and, obviously, all recipients require prolonged immunosuppressive therapy, active CMV infection might increase this risk indirectly. This assumption is supported by numerous case reports of venous thrombosis during CMV infection, which recently have been reviewed [17, 18] . However, it is not clear whether subjects with primary CMV infection or CMV reactivation indeed have a higher risk of venous thrombosis compared to CMV negative subjects. Only a few seroepidemiological studies have reported about this possible association, but were inconclusive, possibly as these studies did not include CMV infection in their primary objectives [2, 3] . Recipients with chronic rejection might be an interesting subgroup as it has been associated with CMV infection in allograft recipients [25] .
We performed a study to assess the absolute risk of first venous thrombosis and recurrence, respectively in renal transplant recipients. We estimated this risk in recipients who either had CMV infection prior to transplantation or developed CMV infection after transplantation, compared to CMV seronegative renal transplant recipients to ascertain the contribution of CMV infection.
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METHODS

Subjects
Between October 2001 and November 2005 all renal transplant recipients who were operated in our center since 1968 and who survived with a functioning allograft were asked to participate in the study at their visit to the outpatient clinic (date of enrollment). Patients who had received a combined transplantation (i.e. kidney and pancreas or kidney and liver) were invited to participate as well. Between 1968 and 1989, after transplantation, patients received a combination of prednisolone and azathioprine as immunosuppressive therapy, between 1989 and 1997 a combination of ciclosporine and low dose prednisolone, and after 1997 a combination of ciclosporine, mycophenolate mofetil and low dose prednisolone. No CMV prophylaxis was given throughout the study period. Induction therapy was not given until Januari 2000. After this date recipients were standardly given IL-2 receptor blocker (daclizumab) on the date of transplantation, and 14 days after transplantation. A total of 606 out of 847 (72%) renal transplant recipients signed written informed consent.
Relevant donor, recipient and transplant characteristics were extracted from the Groningen Renal Transplant Database. This database holds information of all renal transplantations, that have been performed at our center since 1968. Extracted from the database were primary renal disease, type and date of transplantation, and CMV status at time of transplantation. Information about previous episodes of venous thrombosis and anticoagulant treatment was collected by reviewing medical records. The study was approved by the institutional review board of our hospital.
Laboratory studies and definitions
Blood was drawn at enrollment to determine serum creatinine levels, platelet counts, IgG antibodies against CMV and sVCAM-1 levels. Serum creatinine levels were determined using the Jaffé method. Twenty-four hour creatinine was determined from a 24-h urine sample. CMV IgG antibodies were determined by enzyme immunoassay as previously described [17] . Patients were classified as CMV seropositive when they had a CMV IgG titer above 1 IU/mL at time of transplantation. CMV seroconversion was defined when patients were seronegative at time of transplantation, but had a CMV IgG titer above 1 IU/mL at date of enrollment. All other patients were classified as seronegative for CMV. CMV IgG levels > 250 IU/mL at time of enrollment were classified as active CMV infection as previously described [11] . Soluble VCAM-1 levels were measured in EDTA plasma by ELISA (Bender MedSystems, Vienna, Austria).
Venous thrombosis was considered established if deep vein thrombosis was confirmed by compression ultrasound or venography, and pulmonary embolism by ventilation and perfusion lung scanning, spiral CT scanning or pulmonary angiography.
Statistical analysis
We analyzed the absolute risk of first venous thrombosis after transplantation in all renal transplant recipients. CMV seropositive and CMV seroconverted renal transplant recipients were compared with seronegative CMV renal transplant recipients. Age, sex and rejection of the graft were also taken into account to assess whether these variables had an additional effect on the risk of venous thrombosis. Annual incidence of venous thrombosis was calculated by dividing the number of events by the number of observation years. Observation time was defined as the period from transplantation until the first venous thrombotic episode or until the end of the observation period. Relative risks were corrected for renal transplant surgery related venous thrombosis by subtracting the first three months after transplantation from the observation time in all recipients, and by excluding recipients from analysis who had venous thrombosis within the first three months after transplantation. Correction for anticoagulant treatment was done by subtracting the treatment time (227 years) from observation time. As a consequence, patients who were on life-long anticoagulant treatment at time of transplantation for any reason were excluded from analysis, and patients in whom life-long anticoagulant treatment became indicated after transplantation only the remaining period at risk was evaluated. These patients had either recurrent venous thrombosis prior to transplantation (n=4), or prosthethic heart valves (n=11), atrial fibrillation (n=12), chronic heart failure (n=5), peripheral arterial occlusive disease (n=4) or vasculitis (n=4) before or after transplantation. Correction for age was done by using MantelHaenszel methods, stratifying recipients in aged younger than 50 years, and aged 50 years or older.
Freedom of first venous thrombosis and recurrence was analyzed by the Kaplan-Meier method. The cumulative recurrence rate was calculated over the period from the end of anticoagulant treatment after the first episode of venous thrombosis until either the date of first recurrence or the end of the observation period.
Continuous variables are expressed as median values and ranges; categorical data as counts and percentages. Differences between groups were evaluated by the Student t test or Mann-Whitney U test, depending on the normality of data for continuous data and by Fisher exact test for categorical data. A two-tailed p-value of less than 0.05 indicated statistical significance. The 95% confidence intervals (95% CI) around the incidence rates were calculated under the Poisson distribution assumption. Statistical analyses were performed using SPSS software, version 14.0 (SPSS Inc., Chicago, IL). (26) 71 (25) 55 (36) 170 (28) Glomerular disease of vascular/ autoimmune origin 9 (5) 23 (8) 7 (5) 39 (6) Tubular interstitial disease 31 (18) 36 (13) 27 (18) 94 (16) Polycystic renal disease 28 (17) 61 (21) 18 (12) 107 (18) Dysplasia and hypoplasia 12 (7) 6 (2) 3 (2) 21 (3) Renovascular disease 9 (5) 17 (6) 7 (5) 33 (5) Diabetes mellitus 6 (4) 12 (4) 4 (3) 23 (4) Other or unknown cause 30 (18) 58 ( History of transplant rejection, no. (%) 11 (7) 35 (12) 18 (12) 64 (11) sVCAM-1 (ng/mL), mean (± SD) 896 (343) 1088 (451) 
RESULTS
Clinical characteristics of 606 renal transplant recipients who were enrolled are summarized in Table 1 . Forty-five percent were women. Median age at enrollment was 55 years (range, 23-83 years), and 44 years at transplantation (range, 15-77 years). All recipients routinely received perioperative thromboprophylaxis.
Venous thrombosis had occurred in 52 recipients (9%) after transplantation. Median age at onset was 51 years (range, 21-69 years). Of these patients, 37% had venous thrombosis within the first three months, 40% had deep vein thrombosis on the ipsilateral side of the kidney transplant, 25% had deep vein thrombosis on the contralateral side of the transplant, and 35% had pulmonary embolism. Venous thrombotic event-free survival showed that the highest risk of venous thrombosis was in the first six months, but patients remained at risk over the next 10 years (Figure 1 ). Recipients received oral anticoagulants because of their first venous thrombosis for a median time of 6 months (range, 3-156 months). Seven of them still received oral anticoagulants for this reason at date of enrollment and were excluded from analysis of recurrent venous thrombosis. Annual incidence of venous thrombosis was 0.88% (95% CI, 0.65-1.15) in all recipients (Table 2) . It was 0.59% (95% CI, 0.41-0.83) when excluding the first three months after renal transplant surgery from observation time. Recipients who were 50 years or older tended to have a higher risk of venous thrombosis than younger recipients; corrected relative risk 1.7 (95% CI, 0.9-3.5). Annual incidence of venous thrombosis in females was 0.75% (95% CI, 0.46-1.14) compared to 1.00% (95% CI, 0.68-1.41) in males; corrected relative risk 0.9 (95% CI, 0.4-1.6). In CMV seronegative recipients annual incidence of venous thrombosis was 0.81% (95% CI, 0.11-0.82), in CMV seropositive recipients 0.98% (95% CI, 0.62-1.46), and in CMV seroconverted recipients 0.81% (95% CI, 0.46-1.31); corrected relative risks compared to CMV seronegative recipients were 2.0 (95% CI, 0.9-5.2) and 1.7 (95% CI, 0.6-4.7), respectively.
In recipients who were CMV seropositive, mean sVCAM-1 levels were 1088 ng/mL and in CMV seroconverted recipients 1035 ng/mL, which were both higher compared to CMV seronegative recipients (mean sVCAM level 896 ng/mL; P< 0.001). In addition, recipients with elevated CMV IgG antibodies had also increased sVCAM-1 levels (mean level 1174 ng/ml vs 1015 ng/ml; P< 0.001). In recipients who experienced graft rejection, soluble VCAM-1 levels were higher than in patients who had no history of graft rejection (mean level 1921 ng/mL vs 1148 ng/mL; P=0.024). Fifty-three of the 64 recipients (83%) with a history of graft rejection were CMV seropositive at time of enrollment, compared to 384 (71%) recipients who had no history of graft rejection (P=0.044). Crude relative risk of venous thrombosis in recipients with graft rejection versus no graft rejection was 1.6 (95% CI, 0.7-3.4).
Within five years after withdrawal of oral anticoagulant treatment, 36% of recipients had recurrent venous thrombosis, and within ten years 45% of recipients. Subgroup analysis showed that 10% of CMV seronegative recipients had a recurrence within ten years, while in CMV seroconverted and seropositive recipients this risk was 51% and 59%, respectively (Figure 2) .
DISCUSSION
In this cohort of renal transplant recipients, our most notable findings were a high incidence of first venous thrombosis and a high risk of recurrence. Overall, the absolute risk of first venous thrombosis was 8.8 times higher than reported in the general population (i.e. 0.1%) [18] . Although renal transplant surgery had a considerable effect on the absolute risk of venous thrombosis, it remained 6 times higher compared to the general population after correction for the first three postoperative months. Patients remain at increased risk of venous thrombosis for 6 weeks after other major surgical procedures, like hip and knee arthroplasty [27] . Therefore, it is unlikely that the persisting high risk more than three months after renal transplantation is attributable to surgery. Despite our finding that aging is a possible confounder, recipients younger than 50 years were still at increased risk of venous thrombosis. The prevalence of 9% of venous thrombosis in our study cohort is in agreement with two previous studies [2, 3] , whereas another retrospective cohort study found an annual incidence of 0.29% of venous thrombosis [23] . In the latter study, however, diagnosis of venous thrombosis relied on Medicare claims, and the follow-up of recipients in that study was limited to 1.5 to 3 years after transplantation, which may have caused an underestimation of the annual incidence of venous thrombosis. To our knowledge, no other studies have reported annual incidences of venous thrombosis in renal transplant recipients. Recipients that died before the date of enrollment, were not included in the study. Thus even though annual incidences of venous thrombosis were high in our study, it is possible that these risks are underestimated, especially when considering that pulmonary embolism is an important cause of death in renal transplant recipients [24] .
Although CMV seroconverted recipients and CMV seropositive recipients in our study had a 1.7 and 2.0 fold increased risk of first venous thrombosis compared to CMV negative patients, respectively, the differences were not statistically significant. It is possible that this is a consequence of relatively small numbers of patients in this analysis of subgroups. Another explanation might be that the risk of CMV induced venous thrombosis in our population was diluted, assuming that CMV is mainly thrombogenic at time of primary infection or reactivation [19, 20] . Unfortunately, this information was not available in our patients. As venous thrombosis within three months after transplantation was considered as postoperative, CMV induced venous thrombosis in this period was possibly missed. However, 5% of CMV seronegative versus 3% of CMV seroconverted, and 2% of CMV seropositive renal transplant recipients had venous thrombosis within the first three months postsurgery, making it less likely that this has influenced our results. The hypothesis that CMV increases the risk of venous thrombosis does however seem likely when considering the high rate of recurrent venous thrombosis in our patients, i.e. 51% and 59% in CMV seroconverted and seropositive recipients, com-pared to 10% in CMV seronegative recipients. These findings, however, have to be handled with caution, as numbers were small. Elevated CMV IgG antibodies were associated with higher sVCAM-1 levels compared to recipients with low CMV IgG antibodies, while graft rejection was associated with elevated sVCAM-1 levels and tended to be more common in patients who had CMV infection and venous thrombosis. These findings support the hypothesis that CMV infection is associated with vascular damage, and that vascular damage during CMV infection is enhanced if patients experienced graft rejection, as postulated in another study [25] . This might result in an increased risk of venous thrombosis. Since we only had information on CMV IgG levels at time of enrollment and not on CMV IgM levels or antigenemia, we may have incorrectly included recipients as having a non-active CMV infection while they had an active CMV infection. As other seroepidemiological studies which primarily addressed the effect of cytomegalovirus on the risk of venous thrombosis are lacking, it is difficult to compare our results with those from other studies. However, one other study reported a prevalence of 34% of active CMV infection in renal transplant recipients who had first venous thrombosis [2] . This result was not further discussed by the authors, but seems in line with our findings. Another study failed to show CMV-viraemia in renal transplant recipients with recurrent venous thrombosis compared to recipients without recurrence [3] . This might be explained as the diagnosis of active CMV infection in that study was made with a PCR method [21] , from which it is known that it only detects viraemia levels for a short time, while a patient or doctor delay for diagnosing venous thrombosis is not uncommon in clinical practice. Unfortunately, they did not measure CMV antibodies, which remain increased up till months after initial infection or reactivation and are lifelong detectable. Hence, that study might have missed active CMV infection at time of diagnosing recurrent venous thrombosis. In the absence of a controlled prospective study and because our results of the role of CMV infection in the development of venous thrombosis are not statistically significant, we cannot claim a cause-and-effect relationship of cytomegalovirus and the risk of venous thrombosis.
The risk of 36% to develop recurrent venous thrombosis within five years and 45% within ten years is in agreement with others, who found a risk of 46-60% of recurrent venous thrombosis in renal transplant recipients over a similar timeperiod [2, 3] . In the general population the risk of recurrent venous thrombosis is 18% within ten years [27] , and in antithrombin, protein C, or protein S deficient patients the risk of recurrence is 23% within five years [28] . This shows that the risk of recurrent venous thrombosis in renal transplant recipients is excessive, and at least demands the consideration whether renal transplant recipients should have prolonged anticoagulant treatment after their first venous thrombotic episode. On the other hand, our results may have been overstated, as none of our patients were screened for thrombophilia. We cannot rule out whether these patients had inherited thrombophilia. However, deficiencies of antithrombin, protein C or protein S are rare, even in patients who had venous thrombosis [29] . Other inheritable thrombophilic risk factors are less likely to have contributed to the high risk of recurrence, as it appears that they do not influence this risk [30] . Although other studies showed that recurrences of venous thrombosis in renal transplant recipients were often spontaneous [2, 3] , a comment on this is difficult as medical charts often did not provide sufficient information to classify recurrences as spontaneous or secondary to external risk factors. It seems likely that most recurrences were spontaneous, because our recipients usually received thromboprophylaxis at exposure to risk factors such as surgery, pregnancy/puerperium, trauma or immobilization, whereas the use of oral contraceptives and hormonal replacement therapy were strongly discouraged after a first episode of venous thrombosis.
In conclusion, renal transplant recipients are at high risk of first venous thrombosis and recurrence. CMV infection tended to be associated with an increased risk of (recurrent) venous thrombosis. Controlled prospective studies are warranted to establish this observation, which suggests that CMV infection contributes to the high risk of (recurrent) venous thrombosis in renal transplant recipients.
